Hepatocellular carcinoma (HCC) is the third largest cause of cancer deaths worldwide. The role of molecular changes in HCC have been used to identify prognostic markers and chemopreventive or therapeutic targets. It seems that toll-like receptors (TLRs) as well as the nuclear factor (NF)-κB, and JNK pathways are critical regulators for the production of the cytokines associated with tumor promotion. The cross-talk between an inflammatory cell and a neoplastic cell, which is instigated by the activation of NF-κB and JNKs, is critical for tumor organization. JNKs also regulate cell proliferation and act as oncogenes, making them the main tumor-promoting protein kinases. TLRs play roles in cytokine and hepatomitogen expression mainly in myeloid cells and may promote liver tumorigenesis. A better understanding of these signaling pathways in the liver will help us understand the mechanism of hepatocarcinogenesis and provide a new therapeutic target for HCC.
Introduction
Hepatocellular carcinoma (HCC) is the third largest cause of cancer deaths worldwide, particularly in Africa and Eastern Asia. Major HCC risk factors include infection with hepatitis B (HBV) or C viruses (HCV) and cirrhosis associated with chronic inflammation. The fungal contaminant aflatoxin B 1 and environmental pollutants, such as aromatic amines, vinyl chloride, polycyclic aromatic hydrocarbons, and nitrosamines are also risk factors [1] .
The role of molecular changes in the acquisition of resistance or susceptibility to HCC and the importance of genetically susceptible and resistant murine models have been used to identify prognostic markers and chemopreventive or therapeutic targets. Studies with genetically modified mice have revealed many genes associated with HCC. Among them, we focus on toll-like receptors (TLRs) as well as the nuclear factor (NF)-κB and the JNK pathways in HCC development in this paper.
Putative Mechanisms of HCC Development
Although many putative causal factors are involved in the development of HCC, carcinogenic mechanisms have been difficult to elucidate. Among them, particular HBV or HCV proteins induce HCC without other oncogenic alterations in mouse models [2] . It is thought that chronic liver injury resulting in compensatory proliferation of differentiated hepatocytes is one of the major pathogenic mechanisms underlying HCC development [3, 4] . Several signal transduction pathways such as NF-κB and JNK are involved in the pathogenesis of these viruses. For example, the HCV core and HBx proteins are the most potent signal inducers for NF-κB and AP-1 [5] .
Another important etiology of HCC development is obesity-induced hepatosteatosis, which includes more severe complications such as nonalcoholic steatohepatitis (NASH), classified as nonalcoholic fatty liver disease (NAFLD) [6] . Several mechanisms have been proposed to explain how NASH increases HCC risk, including the prevalence of insulin resistance among obese individuals, which results in elevated circulating concentrations of insulin and insulinlike growth factor 1 (IGF-1) [7] and a low-grade inflammatory response with elevated production of cytokines, such as TNF and IL-6 [8] . In these cases, it seems that the NF-κB and JNK pathways are critical regulators for the production of the cytokines associated with tumor promotion. 
NF-κB and HCC

NF-κB Signaling
Pathway. NF-κB transcription factors are key regulators of innate and adaptive immune responses, inflammation, and cell survival [9] . Many proinflammatory stimuli activate NF-κB, mainly via IκB kinase-(IKK) dependent phosphorylation and degradation of the κB inhibitor (IκB) proteins. Five members, p65 (RelA), p50/NF-κB1, cRel, RelB, and p52/NF-κB2, belong to the mammalian NF-κB family and are assembled by dimerization. Once activated, NF-κB dimers stimulate transcription of genes encoding cytokines and antiapoptotic factors [10] . IKK consists of two catalytic subunits, IKKα and IKKβ, and a regulatory component, NEMO/IKKγ. IKK activation occurs primarily through IKKβ [10] , whose absence increases susceptibility to tumor necrosis factor-α-(TNFα-) induced apoptosis [11] ( Figure 1 ). In the nonclassical pathway, NF-κB activation is triggered by members of the TNF family, including B-cell-activating factor, which belongs to the TNF family (BAFF), the CD40 ligand, and lymphotoxin β/LTβ. Dimerized IKKα is activated by NF-κB-inducing kinase (NIK), after which the p100 proteins are processed. After processing p100, p52/NF-κB2 complexes move into the nucleus, resulting in the expression of genes that activate the adaptive immune response and the development of secondary lymphoid organs [12] (Figure 1 ).
NF-κB Activation and Carcinogenesis.
Tumor initiation means cellular immortality, which happens through DNA mutation, but the relationship with NF-κB activation has not been considered in detail for this process. However, the first clue linking NF-κB to cancer was recognizing that crel, which is a v-rel oncogene cellular homologue, encodes an NF-κB subunit and that all of these proteins share the Rel homology DNA-binding domain [13] . Not surprisingly, overexpression of normal Rel proteins promotes oncogenic transformation.
Participation of NF-κB activation in the carcinogenic promotion and progression stages has become clear in recent years. This promotion stage is the cell proliferative stage, and proliferation, antiapoptosis, angiogenesis, invasion, and metastasis become important [14] .
It is unclear whether NF-κB activation is directly associated with tumor cell proliferation. There are a few reports of a strong participation in transcriptional regulation of the expression of growth factors through NF-κB activation. However, for the activation and infiltration of inflammatory cells, inhibition of NF-κB activation may reduce expression of these growth factors. TNFα, which is a strong NF-κB-activating factor whose expression is regulated by NF-κB, is produced by macrophages due to inflammation and plays a central role in inflammation but has also been suggested as an accelerator factor of cell proliferation [15] . In addition, the possibility that NF-κB activation operates on cell growth through cyclin expression is indicated in certain cell types [16] . In contrast, Ikkβ deletion accelerates hepatocyte growth. Ikkβ-deficient hepatocyte proliferative responses show heightened sensitivity to TGF-α [17] , suggesting that involvement of NF-κB activation in proliferation differs among cell types.
Antiapoptosis is also important for maintaining cancer cells. A large number of antiapoptotic factors, such as cIAPs, c-FLIP, and BclX, are controlled by NF-κB activation [18] . Tumor cells with constitutive NF-κB activation are highly resistant to anticancer drugs, and the inhibition of NF-κB activity in those cells increases tumor sensitivity to these therapies [19] [20] [21] [22] .
Invasion and metastasis are pivotal processes for prognosis. Matrix metalloproteinases (MMPs) are produced by inflammatory cells and tumor cells and are key players in the degradation of the extracellular matrix and basement membranes; thus, they are important in tumor invasion. Gelatinases (MMP-2 and MMP-9), in particular, are prognostic factors in many solid tumors, and their expression is regulated by NF-κB activation. The clinical application of an MMP inhibitor aimed at antimetastasis is expected [23] . Recent observations suggest that IKKβ/NF-κB activation controls the development of liver metastasis through IL-6 expression, which is associated with tumor cell proliferation and angiogenesis [24] .
It is likely that NF-κB activation is most critical in cancers in which inflammation acts as a tumor promoter, but a more general role for NF-κB remains to be established for the inflammation mediated by its activation in cancers that are not associated with inflammation.
NF-κB Activation and HCC.
In clinical cases, constitutive NF-κB activation has been frequently observed in tumor tissues rather than in nontumor tissues [25] . High expression of IKKα and IKKβ, which are critical kinases for NF-κB activation, is necessary to produce the malignant properties of liver cancer [26] .
Although IKKβ-deficient mice die at mid-gestation from uncontrolled liver apoptosis [27] , the IKKβ deficiency in the hepatocytes does not influence their function and growth [28] . However, following an injection of concanavalin A (ConA), liver damage becomes worse in IKKβ hepatocytespecific IKKβ knockout mice, and TNFα, which causes ConA expression on the T cell surface, is responsible for the apoptotic action. This result suggests that IKKβ/NF-κB activation of hepatocytes is important for the survival of TNFα-mediated acute hepatitis and that inactivating NF-κB may injure hepatocytes [28] .
The roles of IKKβ in carcinogenesis have been examined using diethylnitrosamine (DEN) as a chemical carcinogen. DEN does not require any assistance from inflammationinducing tumor promoters if it is given to 2-week-old male mice. An increase in hepatocyte death coincident with an increase in reactive oxygen species (ROS) was observed in knockout mice when the acute reaction was analyzed following chemical carcinogen administration. Furthermore, cell death was accompanied by inflammation, and elevated hepatocyte death enhanced compensatory proliferation due to the strong regenerative capacity of the liver [29] .
Decreased NF-κB activity and elevated JNK activity promote TNF-α-induced cell death [30] . Accordingly, hepatocyte IKKβ ablation results in higher DEN-induced JNK activity and increased cell death. Enhanced JNK activation in the absence of IKKβ is dependent on ROS accumulation. Interestingly, a reduction in ROS production by the antioxidant BHA controls liver cell death and proliferation and reduces carcinogenesis [29] .
Compensatory proliferation depends on the production of factors such as TNF-α, IL-6, and hepatocyte growth factor by nonparenchymal cells [31] , and NF-κB activation is important for producing these cytokines. Accordingly, hepatocytes and blood cells, including Kupffer cells, which are liver macrophages, were used in a carcinogenesis model of IKKβ knockout mice, and the occurrence of HCC was reduced. These results suggest that IKK/NF-κB activation in myeloid cells is important for producing liver growth factors [29] .
In fact, DEN-induced hepatocarcinogenesis has been examined in IL-6 knockout mice and wild-type controls, and a marked reduction in HCC incidence was seen in IL-6 knockout mice. Interestingly, gender disparity is observed in mice given DEN, and ablation of IL-6 abolishes this gender difference [32] .
Recently, IKKβ deletion was observed to accelerate HCC development and enhance tumor cell proliferation. These effects of IKKβ were correlated with increased ROS accumulation, which led to JNK and STAT3 activation. Accordingly, hepatocyte-specific STAT3 ablation prevents HCC development. These results suggest that the negative crosstalk between IKKβ and STAT3 is a critical regulator in HCC development [33] .
The IKK subunit NEMO/IKKγ is essential for activating the NF-κB transcription factor, which regulates cellular responses to inflammation. Hepatocyte-specific ablation of NEMO causes the spontaneous development of HCC in mice. Tumor development is preceded by chronic liver disease such as NASH. These results reveal that NEMOmediated NF-κB activation in hepatocytes plays an essential physiological role to prevent the spontaneous development of NASH and HCC [34] . However, viral-induced activation of IRF3 and IRF7 depends on NEMO, suggesting that NEMO acts as an adaptor protein allowing RIG-I to activate not only NF-κB, but also IRF signaling pathways. Ablation of NEMO in the liver may influence the IRF pathway [35] . 
JNK and HCC
JNK Signaling Pathway.
The c-Jun NH 2 -terminal kinase (JNK) belongs to a family of mitogen-activated kinases (MAPKs), together with extracellular regulated kinases (ERKs) and p38. The JNK subgroup of MAPKs is encoded by three loci; Jnk1 and Jnk2 are ubiquitously expressed, and Jnk3 is expressed primarily in heart, testis, and brain [38] [39] [40] . JNKs are activated by stress signals and proinflammatory stimuli, and their activity increases following phosphorylation by the MAPK kinases, MKK4, and MKK7 [41] (Figure 2 ). Immunoblot analyses suggest that a 46-kDa molecule represents JNK1 and a 54-kDa molecule represents JNK2. However, a recent analysis revealed that the 46-and 54-kDa molecules represent two isoforms of JNK1 and JNK2, whereas the 46-kDa JNK1 and 54-kDa JNK2 are dominantly expressed in most cell and tissue types [42] . Activated JNKs phosphorylate c-Jun, JunD, ATF, and other transcriptional factors, which are involved in the formation and activation of the AP-1 complex [43] . In addition, JNKs also phosphorylate other proteins that induce apoptosis, cell proliferation, or transformation, depending on the cell type and stimuli [44] .
Using gene knockout mice, it has been shown that JNKs are involved in many processes, including liver inflammation and proliferation, neuronal apoptosis, T-cell activation, and insulin resistance [45] [46] [47] [48] [49] .
JNK Activation and Liver Disease.
In the liver, activating JNK was thought to be important for proliferation and apoptosis. In a knockout-mice analysis, JNK1 was associated with increased apoptosis in ConA-induced acute hepatitis [28] . Acetaminophen-induced liver injury is also JNK dependent [50, 51] . Furthermore, mice lacking both JNK1 and 2 expression in hepatocytes exhibit the same degree of injury in the development of hepatitis as control mice do, whereas mice without JNK1/2 in the hematopoietic compartment exhibit a profound defect in hepatitis that is associated with a markedly reduced expression of TNF-α. It is suggested that a role for JNK in the development of hepatitis, but identified hematopoietic cells as the site of the essential function of JNK [52] . JNK plays a pivotal role in the development of metabolic syndrome including NAFLD [48, 53] . Hepatic steatosis, inflammation, and fibrosis have been examined in mice fed a choline-deficient L-amino-acid-defined diet. The results showed less hepatic inflammation and less liver fibrosis despite a similar level of hepatic steatosis in JNK1-deficient mice compared with wild type, suggesting that JNK1 may be associated with the induction of diet-induced steatohepatitis and liver fibrosis [54] .
JNK and Carcinogenesis. Tong et al. reported that JNK1
knockout mice spontaneously develop intestinal tumors, suggesting a role for JNK1 in suppressing intestinal tumor formation [55] . In contrast, mice lacking JNK1 were much less susceptible to N-methyl-N-nitrosourea-induced gastric carcinogenesis, which was correlated with decreased tumor initiation and diminished cell proliferation [56] . These findings suggest that the JNKs have tumor-promoting or Gastroenterology Research and Practice 5 tumor-suppressing functions, depending on the cell type or organ.
Tumor initiation indicates cellular immortality, which occurs due to a DNA mutation, and the relationship with the JNK activation is considered important. The presence of mutated ras genes in 30% of all human cancers suggests an important contribution to the development of human cancers. Overexpression of mutated ras genes causes transformation of a variety of rodent fibroblast and epithelial cell lines. Ras causes activation of a Raf-independent MAPK cascade, which leads to JNK activation [57] , and inhibition of JNK activation also inhibits Ras transformation in NIH3T3 cells [58] . JNK1-dependent c-Myc and p21 are responsible for the diminished checkpoint function in tumorigenic hepatocytes [59] .
JNK function is critical in the carcinogenic promotion and progression stages, as JNK phosphorylates a variety of genes associated with carcinogenesis. The promotion stage is the proliferative stage of the cell, which becomes immortal, and proliferation, anti-apoptosis, angiogenesis, invasion, and metastasis are important [14] .
Growth factors activate receptor tyrosine kinases, and phosphorylated receptors transmit the signals through JNKs [60] . There is also participation in the transcriptional regulation of growth factors such as EGF through JNK activation [61] . Numerous studies have considered the proliferative effect following JNK activation. For example, in a liver regeneration mouse model, the number of Ki67-positive proliferating hepatocytes in Jnk1 −/− mice was reduced by 80% compared with that in controls at 48 hours after a partial hepatectomy [59] . In an HCC model induced by DEN, several important genes associated with proliferation such as PCNA, cyclin D, and CDKs increased [4] .
The expression of several angiogenic factors is also regulated by JNK. Vascular endothelial growth factor (VEGF) promotes proliferation and migration of endothelium cells. VEGF expression is also controlled by JNK activation [62] . Chemokines such as interleukin (IL)-8 are factors controlling leukocytes at the time of inflammation, but they function as blood vessel growth factors in tumor tissue [63, 64] .
JNK Activation and HCC.
JNKs are protein kinases, and many molecules are phosphorylated by JNKs. Approximately, 70% of HCC tissues, but not background tissues, show positive immunostaining for phosphorylated JNK, suggesting that JNK is frequently active in human HCC [65] . In vitro studies suggest that several HBV and HCV proteins are common etiologic pathogens for HCC-activated JNK in cancer cells [66] .
In addition to the clinical samples and in vitro studies, JNK activation has been critically important in in vivo mouse models. In hepatocyte-specific Ikkβ-deficient mice, DEN-induced liver cancer increased and JNK activation was elevated simultaneously [29] . To determine the role of JNK in these models, JNK1-deficient mice were interbred with Ikkβ-deficient mice, and the results showed that JNK1 is a critical factor for the increased incidence of HCC in Ikkβ-deficient mice [4] . Additionally, to determine the role of JNK1 in DEN-induced hepatocarcinogenesis, wild-type and Jnk1-deficient mice were injected with DEN. All mice given DEN developed typical HCCs, but the number of detectable HCCs was reduced fivefold by the JNK1 deficiency. Thus, JNK1 is required for efficient HCC induction in response to DEN administration [4] .
The downstream molecules phosphorylated by JNK have been extensively investigated. Originally, JNKs were identified as protein kinases that phosphorylated c-Jun on serine residues [67] . c-Jun is a well-characterized oncogene, especially in liver [68] , and its phosphorylation by JNK may be relevant in HCC development. The AP-1 transcription factors, c-Jun and c-Fos, are composed of homoand heterodimers with basic region-leucine zipper proteins belonging to the Jun (c-Jun, JunB, and JunD) and Fos (c-Fos, FosB, Fra-1, and Fra-2) subfamilies, all of which recognize the AP-1 binding site or TPA-response element in the regulatory region of AP-1 target genes [69] . Liver carcinogenesis induced by DEN is dramatically reduced in mice lacking cJun in hepatocytes. A putative mechanism accounting for the reduced tumorigenic effect was prevention of apoptosis by c-Jun, and the prevention of apoptosis was associated with p53 [68] .
The tumorigenic effect of JNK1 in the liver is mediated through positive gene regulation or by cell proliferation molecules such as cyclins and CDKs and metastatic factors such as MMPs, VEGF, and others [4] .
Based on an NF-κB and JNK study in an animal hepatocarcinogenesis model, regulation of ROS-mediated JNK activation is critical for developing cancer. Recent studies have revealed that ROS production accompanies many signaling events, including receptor signaling, and that ROS play critical roles in determining cell fate as second messengers and modifying various signaling molecules. Sustained JNK activation is induced by ROS by activating upstream MEKKs or inhibiting MKPs [70] [71] [72] . In fact, enhanced JNK activation in IKKβ-deficient mice has been assessed. Hepatocyte-specific Ikkβ-knockout mice and Jnk1-knockout mice were inter-bred and treated with DEN at 15 days of age. Double-knockout mice developed threefold fewer tumors compared with hepatocyte-specific Ikkβ-knockout mice, and a similar decrease was found in maximal tumor diameters. These results suggest that increased ROS and ROS-mediated JNK activation is a critical regulator for HCC development (Figure 3 ). Viral proteins including the HBV X and HCV core proteins are capable of inducing ROS accumulation in hepatocytes [73] .
TAK1 is one of the MEKKs that activate both the NF-κB and JNK pathways. Hepatocyte-specific Tak1-deficient mice display spontaneous hepatocyte death, compensatory proliferation, inflammatory cell infiltration, and perisinusoidal fibrosis at the age of 1 month. Older mice develop multiple cancer nodules characterized by increased expression of fetal liver genes including alpha-fetoprotein. Cultures of primary hepatocytes deficient in Tak1 exhibit spontaneous cell death, which is further increased in response to TNF-α. These results indicate that TAK1 is an essential component of cellular homeostasis in the liver [74] . The most commonly used JNK inhibitor is SP600125, which shows high efficacy in blocking JNK kinase activity. In animal models, this compound is effective against acute hepatitis induced by acetaminophen or LPS/GalN [51, 75] . In a mouse model, the cell-permeable JIP peptide, which interferes with the interaction between JIP and JNK to inhibit JNK activity, suppresses chemically induced HCC [59] .
HCC and TLRs
TLR Signaling.
Innate immunity represents the first line of protection against microbial pathogens and is mediated by macrophages and dendritic cells. Although it was initially suggested to be a nonspecific response, innate immunity discriminates a variety of pathogens through the function of pattern-recognition receptors (PRRs) such as TLRs. These receptors recognize microbial components known as pathogen-associated molecular patterns [76] . Thirteen mammalian TLRs have been described; 10 are expressed in humans, and each is responsible for recognizing distinct bacteria, virus, and fungi microbial structures. The two most eagerly studied are TLR2 and TLR4, the PRRs for gramnegative and gram-positive bacterial products, respectively. TLR4 is also the major receptor recognizing endogenous ligands released from damaged or dying cells. TLRs are characterized by two conserved regions: the extracellular leucine-rich region and the cytoplasmic Toll/IL-1 receptor (TIR) domain. A detailed characterization of the TLRs is described in other chapters. TLRs share the initial common activation pathway mediated by the TIR domain. After receptor activation, two signaling pathways mainly exist; one is through the adapter protein myeloid differentiation factor 88 (MyD88), and the other is not. All superfamily receptors, with the exception of TLR3, use MyD88 to initiate signaling. In some cases, MyD88 acts in concert with other adaptors, such as MAL/TIRAP, in the response triggered by stimulating TLR4, TLR1/2, and TLR2/6. In contrast, TLR3-mediated signaling requires only the TRIF adaptor molecule, which is also recruited by TLR4 in association with the other adaptor, TRAM [77] . In the MyD88-dependent pathway, MyD88 is associated with IRAK4, IRAK1, and/or IRAK2. IRAK4 in turn phosphorylates IRAK1, and IRAK2 promotes their association with TRAF6, which serves as a platform to recruit TAK1 kinase. Once activated, TAK1 activates the IKK complex and eventually activates NF-κB and JNK. The IRF7 transcription factor is also activated downstream of TLRs 7, 8, and 9, leading to its translocation into the nucleus and to activation of IFN and IFN-inducible genes. TLR3 and TLR4 both signal through the TRIF adaptor, which interacts with TRAF3 to activate the nonclassical IKKs and the IKK, resulting in the dimerization and activation of IRF3, which then translocates to the nucleus activating the transcription of IFN and IFN-induced genes [78] .
TLR Signal and Liver
Disease. The liver may be exposed to bacteria from the intestine via the portal vein, leading to an uncontrolled innate immune system that may result in inflammatory liver disorders [79] . Many factors are capable of activating TLRs in the liver. Among them, HBV, HCV, alcoholic liver disease, and NASH are important etiologies for HCC.
The TLR ligands TLR4 and 9 inhibit viral replication in HBV-transgenic mice [80] . In the absence of HBeAg, HBV replication is associated with upregulation of the TLR2 pathway, leading to increased TNFα production, demonstrating a potentially important interaction between HBV and the innate immune response [81] .
HCV can activate innate immune systems to produce inflammation. The HCV core and NS3 proteins activate TLR2 on monocytes to induce cytokines in a NF-κB-and JNK-dependent manner [82] . The NS3 protein interacts directly with TBK1, resulting in decreased TBK1-IRF3 interaction and inhibition of IRF3 and IFN transcription. The NS3 protein also impedes both IRF3 and NF-κB activation by reducing functional TRIF abundance [83] . Many other in vitro studies have been reported, but the in vivo condition is still unclear. Excessive alcohol intake is associated with increased intestinal permeability and elevated endotoxin levels [84] . LPS activates TLR4 on Kupffer cells and increases proinflammatory cytokine production. Antibiotic treatment reduces the sensitivity of alcoholic liver disease [85, 86] .
Intestinal bacteria seem to be important in NASH pathogenesis. In NASH, ob/ob mice exhibit increased hepatic sensitivity to LPS and developed steatohepatitis [87] . In a methionine/choline-deficient NASH model, TLR4-deficient, but not TLR2-deficient mice, exhibited less intrahepatic lipid accumulation [88] .
TLR Signal and HCC.
All of the diseases described above are associated with the development of HCC. Therefore, it seems clear that TLRs are involved in the development of HCC. It is very important to analyze which cell types are involved in the process to understand liver tumorigenesis. Kupffer cells may be the major cells expressing TLRs in liver. Kupffer cells are resident liver macrophages and express most major TLRs [89] . In contrast, hepatocytes, the liver parenchymal cells, show weak TLR 2 and TLR4 expression and less response against their ligands [90, 91] . TLR2 expression in hepatocytes is upregulated by LPS, TNF, and others, suggesting that hepatocytes become more sensitive in the inflammatory condition [92] .
Mice deficient in TLR4 and MyD88, but not TLR2, have a marked decrease in the incidence, size, and number of chemically induced (DEN) liver cancer tumors, indicating a strong contribution of TLR signaling to hepatocarcinogenesis [79] . It is assumed that dying hepatocytes following DEN may activate myeloid cells such as Kupffer cells via TLRs and induce proinflammatory cytokines and hepatomitogens, which enhance the development of HCC [93] .
MyD88 is an adapter molecule for TLRs necessary for NF-κB, and MyD88 ablation strongly suppresses DENinduced hepatocarcinogenesis [32] . IL-6 induction and liver injury are dependent on signaling via MyD88. Collectively, TLR4-MyD88 signaling appears to be essential for hepatocarcinogenesis.
Conclusion
Participation of the IKKβ/NF-κB and JNK signaling pathways in carcinogenesis differs among organs, cells, and models. The crosstalk between an inflammatory cell and a neoplastic cell, which is instigated by the activation of NF-κB, is critical for tumor organization (Figure 4) . JNKs also regulate cell proliferation and apoptosis, making them the main tumor-promoting protein kinases. TLRs play roles in cytokine and hepatomitogen expression mainly in myeloid cells and may promote liver tumorigenesis. These observations suggest that a better understanding of these signaling pathways in the liver will help us understand the mechanism of hepatocarcinogenesis and provide a new therapeutic target for HCC.
